Hydropower is the largest source of renewable electricity in the world, but despite being a mature and clean energy technology it has also been the subject of ecological and social conflict. Literature suggests that the social acceptance of renewable energy can be increased by respecting procedural justice (fair, participatory planning processes) and distributional justice (fairly allocating costs and benefits). However, empirical evidence about how justice considerations are related to the expansion of hydropower is scarce, pre-existing studies being mostly qualitative in nature. We contribute to filling the gap in the current literature by describing in this paper how choice experiments with 1004 Swiss residents were undertaken to explore the influence of procedural and distributional justice on acceptance, relative to other attributes of hydropower projects. We find that while considerations about justice do play a role in decisions to accept, respondents in Switzerland care most about ecological impacts, and secondly about local ownership.
1. Introduction
Social acceptance of renewable energies
As the world is slowly but surely making progress in transitioning from non-renewable to renewable energy sources, there has been a surge in research on social acceptance (Fig. 1) . Data from Scopus indicates that in the last decade alone 350 articles with the keyword "social acceptance" have been published in energy and environmental science journals, with an exponential increase occurring towards the end of this period. According to ScienceDirect, Renewable and Sustainable Energy Reviews was one of the two most popular publications for social acceptance research, as measured by the total number of articles using this keyword in 2014. 1 An increasing policy focus on the deployment of renewable energies has contributed to the interest in this topic. With the increasing maturity of renewable energy technologies, the challenges of the energy transition are shifting towards obtaining a "social license for clean energy deployment". 2 A widespread definition of social acceptance of renewable energy is Wüstenhagen et al.'s [66] conceptual framework suggesting that social acceptance is a three-dimensional construct, consisting of sociopolitical, community and market acceptance.
The objective of this paper is to (a) review the recent literature on social acceptance of renewable energies, with a particular focus on (b) social acceptance of hydropower, and (c) the role of distributional and procedural justice in explaining social acceptance. Furthermore, we build on the results of the literature review to develop a conceptual framework of social acceptance of hydropower, which we then test in a large-scale empirical survey.
Social acceptance of hydropower
In light of its significant potential for contributing to the global energy transition and its mixed record in terms of social acceptance, research on hydropower is surprisingly absent from the recent academic literature. In his comprehensive review of hydropower, Sternberg [55] states that social acceptance is one of the key topics to be addressed, but leaves it to further research to close the gap. From all the articles published in 2014 that included the keywords "social acceptance" in the two most important energy journals that address the issue (Renewable and Sustainable Energy Reviews, and Energy Policy) wind energy is currently the most frequently-addressed source of energy, followed by biomass (including biogas and biofuels), solar energy, Carbon Capture and Storage (CCS) and nuclear power.
Hydropower and shale gas, both arguably providing rich empirical contexts for studying social acceptance, appear to be relatively underresearched topics.
Two approaches to empirically investigating social acceptance of hydropower can be identified in the academic literature. The first stream of research addresses the social acceptance of hydropower using a case study approach, often in remote areas or developing countries ( [3, 21, 26, 27, 28, 37, 52, 51, 67] ). These papers provide rich evidence about the challenges involved in implementing hydropower in economically underdeveloped areas. Similarly to the findings of case studies about the social acceptance of other energy sources (e.g. [16] ), these studies tend to conclude -sometimes based on qualitative empirical evidence, sometimes arguing from a normative perspectivethat greater participation of local communities in hydropower projects can be positively correlated with social acceptance.
A second research direction concerns environmental valuation studies [56] which are designed to quantify the (external) costs and benefits of hydropower (or other uses of water resources) and their associated impacts on the local environment [15, 4, 63] . What can be learned from this stream of literature is that respondents value an intact environment to varying degrees, and that negative impacts on the environment can to some extent be compensated for in monetary form. However, the empirical validity of findings from the environmental valuation literature has been the subject of extended debate [12, 42] . While some researchers critique the experimental methods used by environmental economists for employing decision situations that are remote from the real life experiences of respondents, there has arguably been some progress in increasing situational realism [5] . One particularly promising innovation is the introduction of choice experiments [11, 17, 23, 25, 59 ] which obtain a richer account of respondent preferences than more direct methods soliciting willingness-to-pay for environmental resources.
Environmental justice and social acceptance
One key learning from a decade of social acceptance research is that 'monetary-compensation-for-environmental-damage' approaches that underlie traditional contingent valuation studies are overly simplistic. Instead, it has been shown that social acceptance of energy projects is closely interlinked with environmental justice and its two main dimensions, procedural justice and distributional justice [16, 20, 38 ].
Procedural justice
Procedural justice refers to the "how" of environmental decisionmaking. Research in social psychology points out that outcomes are more likely to be accepted if the processes that lead to these outcomes are perceived to be fair -an issue that has also a long-standing tradition in legal research [57] . Lind and Tyler [31] identified a number of principles that constitute procedural justice. Processes, they argue, should for example be consistent, accurate, and representative [62] .
Procedural justice is closely linked to trust [20] . A key driver of perceived procedural justice, and hence potentially social acceptance, is participatory planning and decision-making [32, 35, 43, 44, 66] . Participation can also take the form of financial participation in a renewable energy project, a factor that has been shown to not only foster social acceptance [39] but also physical well-being of local inhabitants in the case of wind turbines [46] . Carefully designed institutional frameworks can increase perceived procedural justice, which is the idea behind public participation in environmental impact assessments [45] .
While it is common sense that a high degree of procedural justice is a desirable objective for renewable energy project developers, implementing the principles of procedural justice in reality requires addressing trade-offs. Non-trivial questions include delineating the boundary of stakeholders to be involved in the process [40] , as well as how early and to what extent participation should be organized to be fair and manageable at the same time [62] .
Distributional justice
In contrast to procedural justice, distributional justice deals with the "what" of environmental decision-making. People are more likely to accept an outcome if the costs and benefits are fairly allocated. When it comes to renewable energy projects, the costs can include monetary costs, but also non-monetary factors such as negative impacts on flora, fauna and landscape. Similarly, the benefits can be either tangible (e.g. revenues from power generation) or intangible (e.g. contribution to local, low-carbon energy supply). Fairness considerations with regard to the distribution of costs and benefits can apply to the relationship between renewable energy project developers and an affected local community, but can also play a role among members of the community (e.g. distribution of royalties between landowner and other inhabitants; [16, 62] ).
Similar to procedural justice, a set of principles can be identified that determine distributional justice. The three most prominent principles are equity, equality and need [54, 62] . According to the equity principle, outcomes should be proportional to inputs provided by different project stakeholders. The equality principle suggests that everyone should have an equal share in an outcome, while the needs principle suggests that those in need of the benefits should get a larger share. Applying these principles to distributional justice in the context of renewable energy projects is not a straightforward proposition, as different stakeholders of the project may have different views on what is fair, and even an individual may prefer different principles for the distribution of different types of costs and benefits [22] , to the extent that some observers conclude that distributional justice is "in the eye of the beholder" [60] . When it comes to hydropower, a traditional instrument to support distributional justice is the Swiss water resource tax (Wasserzins), which is a mandatory benefit sharing scheme between hydropower operators and the municipalities and cantons whose waterways they use, and has first been introduced in 1918 [34] .
While it appears plausible that there is some positive correlation between environmental justice and social acceptance [16] , project developers and policymakers need to know to what extent this is the case if they are to conduct effective planning: greater participation and benefit-sharing may positively affect social acceptance, but they also come at a cost.
Research context: swiss hydropower
This paper describes research that was designed to appraise the influence of procedural and distributional justice on social acceptance relative to ecological impacts and other features of a hydropower project. In terms of our methodological approach, we used choice experiments because they allowed us to test, simultaneously and in a realistic setting, how various attributes of a hydropower project influence the decision to accept. We conducted our research in 
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Renewable and Sustainable Energy Reviews 68 (2017) [763] [764] [765] [766] [767] [768] [769] [770] [771] [772] [773] Switzerland, which provides a particularly relevant context for a number of reasons. First, hydropower has traditionally played an important role in the Swiss energy mix, accounting for more than half of the country's power generation (56.4%, 39.3 TWh in 2014; [5] ). Second, expanding the role played by hydropower is one of the key pillars of the government's ambitious energy strategy 2050 (www. energiestrategie2050.ch). Finally, the trade-off between increasing the amount of electricity obtained from hydropower and other environmental policy objectives (e.g. protecting and rehabilitating water bodies, conserving ecosystems and biodiversity), combined with Switzerland's high population density, offers a promising setting for investigating social acceptance. The key research question we address is: "What is the influence of procedural justice and distributional justice on social acceptance, compared to other attributes of a hydropower project?" - Fig. 2 illustrates the conceptual framework that underlies our research. Individual variables are described in Section 2.
The rest of this article is organized as follows: Section 2 describes data and methods; Section 3 presents the empirical findings of our choice experiment; Section 4 discusses the most important findings in light of pre-existing literature and Section 5 concludes the paper, including a discussion of limitations and further research.
Data and methods

Sample
Data were collected through a nationwide representative survey of 1004 Swiss citizens 3 between October 29 and November 6, 2014. The core of the questionnaire was a choice experiment on social acceptance of hypothetical hydropower projects. Furthermore, we surveyed people's attitudes to climate change and key socio-demographic variables. We used Sawtooth Software to design the choice experiment. To ensure the participation of a representative sample we relied on a household panel operated by a professional market research agency using quota sampling with computer-assisted web interviews (CAWI). The overall drop-out rate was 14.5%; a total of 1004 respondents completed the online questionnaire. The sample was representative of the Swiss population in terms of gender, age and household income (see Table 1 ). The survey was translated into German and French. The Italian and Rhaeto-Romanic speaking parts of Switzerland were excluded from the sampling pool, as they represent only 6.5% and 0.5% of the total population, respectively [50] .
Survey design
The first part of the survey included questions to evaluate respondents' pre-existing knowledge about the impact of hydropower, their relationship with water courses in their close environment and their opinions about expanding the use of hydropower. This section was followed by the choice experiment. The attributes and levels used in the choice experiment are presented in Table 2 . These are based on a review of the social acceptance literature and expert interviews, including some with natural scientists who examine the ecological impacts of hydropower production. The exact wording of the choice task was the following: "The Swiss Federal Council wants to expand hydropower production according to the Energy Strategy 2050. Imagine that you are to choose between three hydropower projects (all of which are run-of-the-river plants with a capacity of 10 MW) in your canton. The projects differ in the following respects." The first attribute, ecological impact, describes the hypothetical change in landscape and natural biodiversity that would be caused by a hydropower project. Hydropower has numerous adverse ecological impacts on the aquatic environment. Dams create barriers across rivers, leading to habitat fragmentation, which prevents aquatic animals (e.g. fish and benthic invertebrates such as snails, crustaceans and insect larvae) from migrating upstream. Migratory fish such as salmon and nase are obstructed from reaching their spawning areas. Furthermore, artificial barriers also modify sediment regimes, preventing downstream movement, which causes alterations to bedload transport and substrate composition. Hydropeaking affects most of the abiotic and biotic components of ecosystems, which are connected through a variety of interactions. Artificial fluctuations in flow rates modify natural flow regimes, contributing to alterations of the riverbed, detrimentally affecting habitats for plants and animals through decreasing water levels, and also changing water temperature [64] . These effects lead to long-term reductions in the abundance and biomass of sensitive species and a shift in species composition towards more resistant species [9] . Since the effects of hydropower generation on ecosystems are too complex to be easily understood by lay respondents, our survey presented aggregate impacts in a simplified way. Other attributes were designed to capture respondents' preferences for a variety of procedural and distributive justice scenarios. Procedural justice was operationalized as "public participation" in project planning; i.e. the degree of public involvement in the planning process, which ranged from "information brochure" (representing a rather limited one-way communication from the project developer to affected residents) to "referendum" (representing the highest degree of participation, including a veto right for residents). As for the distribution of economic and social gains, two obvious ways in which hydropower can benefit local populations are through job creation and tax revenue. Job creation is an important consideration in policy makers' decisions about whether to support renewable energy [29] and has been shown to be positively correlated to social acceptance of hydropower in former research [25] . We therefore included the attribute employment, using a variety of realistic estimates of the number of local (i.e. in the respondent's canton) jobs that would be directly or indirectly created by a 10 MW power plant. As concerns tax income, Swiss legislation obliges operators of hydropower plants to pay a tax to the canton and/or local community known as the water tax ("Wasserzins"; [19] ). Accordingly, we included this monetary attribute into the choice experiment. To provide a context for the attribute levels employed in the choice experiment, the average water tax rate that is currently paid is around 1 Rp./kWh. The survey specified that the amount of water tax payable to the canton and/or municipality would be ranging from 0.75 to 1.5 Mio CHF per year, which corresponds to 1.25-2.50 Rp./kWh, assuming 10 MW installed capacity and 6000 full load hours.
In addition to these direct measures of distributional justice, we were interested in finding out whether local ownership would positively influence the social acceptance of hydropower. Previous research into green electricity has shown that some consumers have a preference for local power generation [58] , and the emergence of community financing schemes and local renewable energy cooperatives has occurred in a variety of countries, including Japan [39] , Germany [61] and the Netherlands [8] . The ownership attribute contrasted local with non-local companies using four levels, including a foreign investor (specified as being a German company, which is a reasonably realistic option for the Swiss market given the two countries' cultural and geographical proximity).
Data analysis
Discrete choice experiments (DCE) are a commonly used research method for measuring stated preferences and have been applied in many fields (e.g. [17, 48, 36, 24, 14, 25, 65] ). They have several advantages over traditional ranking or rating methods: respondents are facing a realistic decision situation, and indirect preference measurement allows the researcher to minimize biases that occur when respondents are directly asked to state their preferences [68] . The theoretical background of DCE is derived from classic random utility theory, which assumes that individuals seek to maximize their utility [33] . DCE are widely applied in new product development, because in the context of new products it is impossible to observe actual purchasing behavior or measure preferences through revealed preference methods [13] . Correspondingly, use of the method has risen in popularity in many areas of social science, including environmental economics. In discrete choice experiments, respondents are presented with a number of hypothetical products (or other choice objects) that mirror real choice situations and are asked to choose the one that best matches their preferences. The choice task is repeated with varying combinations of attribute levels [48] . Respondents' preferences for the attributes of the choice object are then implicitly derived from the choices that they make. This method facilitates understanding of how product attributes and their levels affect demand for certain products and also permits investigation into the interaction that exists between attributes. This study is based on a choice-based conjoint (CBC) analysis, the most frequently used conjoint-based method. In the choice experiment we employed a balanced overlap option, which represents a middle position between random and complete enumeration strategies (n.b. no duplication occurs within the same task) [49] .
We used hierarchical Bayes (HB) estimation to analyze the results of the choice experiment. HB estimation is a combination of two methods: (1) The Bayesian method; and, (2) a hierarchical model (also called a mixed effects model). For analysis of the conjoint data we employed a mixed logit model with random intercept for the estimation of the betas:
where Pr(i) h denotes the probability of respondent h to choose the ith alternative of the choice object, x is a vector of attribute levels that describes the choice object and β h is a vector of regression coefficients that represents the part-worth utility of each attribute level. Since we are interested in the heterogeneity of the responses, we define β h as a random intercept term:
where Γ is a matrix of regression coefficients which affects the location of the distribution of heterogeneity given that z h and ξ h are error terms that are assumed to follow a multivariate normal distribution pattern [2] . Accordingly, the hierarchical form of the model relates to the interpretation of the mixed effects structure of the model; i.e. estimation of part-worth utilities occurs at two levels: within each respondent and across all respondents. The parameters are estimated using an iterative process (20'000 draws) where the vector of means, the covariance matrix and a vector of betas are re-estimated for each respondent. The advantage of the Bayesian approach over the classical procedure is its ease of implementation -due to the use of Gibbssampling and the Metropolis-Hastings algorithm it does not involve a maximization processes [53] . The reason that we use the part-worth utility term stems from the alternative interpretation of logit models, which incorporate a latent variable that cannot be observed directly and depend on x i : y x β u u x N σ *= ′ + , |~(0, )
the latent variable y* is interpreted as the utility difference between the choice y i =1, or 0. Only choice y i can be observed:
so, if the latent variable is positive, this indicates positive utility regarding the subject under examination. This decision rule provides the basis for Random utility theory (RUT). Following this, the regression coefficients from the HB estimation can be used for describing respondent's utilities for certain attribute levels in the conjoint analysis.
The goodness of fit of the HB model is indicated by the root likelihood (RLH) that is calculated for each respondent. RLH is the geometric mean of the predicted probabilities and is calculated by taking the nth root of the likelihood where n is the total number of choices made by all respondents in all tasks. The best possible (theoretical) value is 1.0 while the worst possible value is the reciprocal of the number of choices available in the average task; i.e., the expected RLH value for a chance model is 1/k, where k is the number of alternatives in each choice task. For our model it is 1/4=0.25 (Sawtooth Software [49] ).
In order to investigate which factors moderate preferences, a stepwise linear regression analysis was performed using the most preferred attribute levels as dependent variables and psychographic and socio-demographic factors as explanatory variables (as detailed in Appendix A). We used the 'stepAIC' function to select the most parsimonious model based on the AIC (Akaike information criterion) performing a backward selection process. All the variables (except for dichotomous variables) were mean-centered in the analysis. Sawtooth 8.3.10 and R software [47] were used in the analysis.
Results
Attribute importances and part-worth utilities
The average RLH of the HB model is 0.7861 (std. dev.=0.1106), which indicates a very good model fit. Both the raw and the rescaled part-worth utilities are shown in Table 4 . The rescaled utilities allow for a better comparison across attributes mitigating the scale effect.
Attribute importance is expressed as a percentage, which is calculated from the absolute distance between the part worth utilities (regression coefficients) of the most and the least preferred level of a given attribute, divided by the sum of those distances across all attributes ( Table 3) . The importances of all attributes included in the choice experiment add up to 100%. Fig. 3 depicts the distribution of the attribute levels (random intercepts) across the sample. Ecological impact and ownership attributes display a relatively high level of heterogeneity whereas the other attributes show less variation.
The ecological impacts of a future hydropower project are by far the most important attribute (41.51%). This finding is in line with the high level of public awareness about the potentially negative consequences of currently planned projects in Switzerland. 4 It seems that low ecological impact is a prerequisite for social acceptance of further expansion of hydropower. The second most important attribute is (local) ownership: respondents stated that they would strongly prefer a local or regional owner over a private domestic or foreign company. The relative importance of this attribute is 30.59% on average, but it has a similarly wide range as for ecological impacts. This suggests that, for the majority of respondents, ecological considerations and/or the type of owner are key factors that determine social acceptance of a hydropower project. We found support for the two attributes that we included as direct measures of distributional justice, although their importance was lower. The employment attribute is the third-most important attribute overall, but at 10.57% is considered clearly less important than ecological impacts and local ownership. The direction of the effect is 4 One of the most high-profile conflicts in Switzerland concerns the extension of the Grimsel hydropower plant: http://www.beobachter.ch/natur/umweltpolitik/ energiepolitik/artikel/grimsel-kraftwerke_ein-tal-unter-strom/.
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Fig . 3 . Distribution of part-worth utilities for attribute levels. The graphs show the density of the part-worth utilities for the four levels of each attribute. Positive part-worth utilities indicate that respondents prefer a given attribute level over the average level of the respective attribute. All attribute levels are expected to be approximately normally distributed. In the case of ecological impact and ownership, the most and least preferred attribute levels show a slightly asymmetric distribution, reflecting the heterogeneity of preferences.
as expected: projects that create more jobs are preferred over projects that create fewer jobs. The other element of distributional justice, the water tax, turns out to be the least important attribute (7.55%). This might be explained by Swiss consumers' comparatively low price sensitivity; an observation which is in line with findings from other surveys of the electricity sector [10] . Another explanation is that revenues from the water tax would not constitute personal income for respondents, as we assumed it would be paid to the municipality or canton. As for procedural justice, respondents appreciate participation, but not as strongly as one might expect. At 9.76% importance, this attribute had only slightly more explanatory power than the water tax in terms of respondents' acceptance of a hydropower project. One interpretation of this finding is that if a minimum level of participation is assured, more participation may not necessarily lead to greater acceptance. This finding contrasts with the results of some previous research that suggested the existence of a positive linear relationship between participation and acceptance. We would caution, however, that this result has to be seen in the light of the specific institutional environment in which the research was undertaken. Switzerland, with its direct democracy, already offers sufficient legal provision for citizens to have their voice heard.
Influence of socio-demographic and psychographic variables
Among the socio-demographic variables, gender appears to make little difference in terms of how respondents value ecological impact, ownership, and participative planning process (Table 5 ). Male respondents place more emphasis on the need for distributional justice, i.e. they had a stronger preference for a higher water tax, while female respondents place more emphasis on participation (procedural justice) and the ownership of hydropower plants. Results show that age has a significant influence on all attributes. Younger respondents are more concerned about ecological impacts and employment and less interested in the ownership of hydropower plants. Income had no measurable effect. More highly educated people also tend to be less concerned about local ownership and have a very strong preference for low ecological impacts. The language variable divides the sample geographically; for respondents from the German-speaking part of Switzerland show a higher level of ecological concern and water tax is preferred and participative planning is eschewed compared to the preferences of respondents from French-speaking areas. Not surprisingly, membership in an environmental organization has a substantial influence on the importance of the ecological attribute and of participative planning process. The variable 'climate change acceptance' is included to capture trends, attribution, impact skepticism and conspiratorial thinking. The higher the value of the aggregated climate change variable, the less climate-skeptic people are. Respondents with higher climate change acceptance scores place substantially more emphasis on the need to lower ecological impacts. This indicates that, despite its low-carbon nature, hydropower may only be acceptable to people who care about climate change if other ecological impacts are also well managed.
The 'Worldview' variable shows that respondents with a strong freemarket preference care less about (local) ownership and participation. It increases with attributes representing distributional justice. Political view has also an impact in the model on the two most important attributes. Switzerland's political system is peculiar in that the federal government is composed of all major parties but the largest party, the national-conservative Swiss people's party (SVP), regularly opposes the political consensus and launches popular initiatives that contradict official government positions [18] . To reflect this cleavage, we defined the variable 'political view' as a dummy where 1 indicates that the respondent stated support for SVP, and 0 support for any other party. SVP voters assigned less importance to mitigating ecological impacts, whereas they were more strongly in favor of local ownership.
We were also interested in understanding whether knowledge about the ecological impacts of hydropower or living close to a river has a measurable influence on social acceptance of hydropower. The preexisting knowledge variable was constructed similarly to climate change acceptance, based on six items measured on a Likert-scale (see Appendix B), meaning that the higher the value of this variable, the higher the pre-existing knowledge about the negative consequences of hydropower generation. These variables were found to have no significant impact. Table 5 Relationship between most preferred attribute levels and other factors. The dependent variables are the rescaled part-worth utilities of the most preferred attribute levels (shown in columns). The most parsimonious models are shown in the table, which were selected based on AIC criterion. Variables that have no estimates were excluded from the analysis (backward selection was performed). 
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Finally, we included a question that explicitly asked about respondents' willingness to accept a hydropower project to confirm the validity of the choice experiment. The explicit acceptance measure does indeed have a significant effect on the two most important attributes in the choice experiment, giving us confidence in the design of the choice experiment. Directly measured acceptance and ecological impact are negatively correlated, which implies that concerns about ecological impacts lead to lower levels of acceptance. As could be expected, local ownership is positively related to social acceptance of hydropower.
Implicit willingness-to-accept
To calculate implicit willingness-to-accept (WTA) we used a fixed cost coefficient and estimated the WTA at an individual level, as suggested by Sillano and Ortuzar [53] First, we estimated the effect of the annual water tax as a linear monetary coefficient based on individual preferences. This was done by dividing the difference between the highest and lowest raw part-worth utilities by the difference between the highest and lowest levels of the attribute. As a result, we can convert the value of utility points into an equivalent monetary value (in Mio. CHF of yearly income for the local community and canton from the water tax.) The most preferred levels for each individual within an attribute are set as defaults and then mean-centered. Respondents' implicit WTA for levels of all nonmonetary attributes relative to the most preferred level of a given attribute was calculated by dividing mean-centered utilities by the monetary coefficient, using the following formula:
where β ij indicates the part-worth utility value of attribute i at level j and β i,max indicates the highest part-worth utility value within attribute i. MF I is the linear monetary factor, which is the ratio of the minimum and maximum values of the part-worth utilities (β β and ) max min to the levels of the monetary attribute (p max and p min ). In order to facilitate interpretation of the results, the monetary attribute levels are converted into Rp./kWh (which is the standard unit for indicating electricity prices and water tax levels) using the following assumptions regarding the hydropower plant: 10 MW installed capacity, 6000 full load hours (60'000 MWh electricity generation per year). By means of measuring implicit WTA at an individual level we are able to capture the heterogeneity of preferences. Non-zero mean values in Table 6 reflect the heterogeneity of choices: i.e. not all respondents consider (for example) 'no' ecological impact to be the most preferable level of this attribute. To account for this heterogeneity, we chose median values as a proxy of the population's implicit WTA.
All else being equal, in order to accept a hydropower plant that has medium ecological impacts, respondents think that the canton/community should be compensated by about 3.5 cents per kW h. Large ecological impacts are essentially a no-go, as indicated by the prohibitively high WTA of 8 cents per kWh compared to a hydropower plant with almost no ecological impacts. As for ownership, moving from a hydropower plant owned by a municipal or cantonal public utility to one that is owned by a private domestic firm, respondents would expect a premium of about 1.7 cents/kW h. Foreign ownership is the least preferred level, as indicated by the almost prohibitively high WTA of 5.4 cents/kW h.
While indirectly measuring WTA in a conjoint experiment is preferable in some ways to directly eliciting WTA in terms of overcoming social desirability bias, our results are still based on an experimental setting. Also, our research design assumed that no monetary compensation would personally accrue to respondents, but rather to the community and the canton. While this realistically mirrors the situation with hydropower projects in Switzerland, it may have affected respondents' assessments of the monetary attribute. As a result, the monetary WTA values presented here should be interpreted with care.
Conclusion and discussion
This paper adds to the stream of research on social acceptance of hydropower through its description and analysis of a choice experiment that was conducted with a representative sample of the Swiss population (N=1004). The objective was to measure stated preferences about factors that determine social acceptance of hydropower, which is an important source of renewable energy in Switzerland and many other countries, and which the government sees as a key contributor to its energy strategy 2050.
Based on the findings of our empirical analysis, we may now address the key research question outlined at the beginning of the paper: "What is the influence of procedural justice and distributional justice on social acceptance, compared to other attributes of a hydropower project?" Our analysis shows that procedural justice and distributional justice do indeed play a role in determining social acceptance of hydropower. Out of the five attributes of a hydropower project included in our choice experiment, the level of participation (representing procedural justice) and the size of the water tax and the number of jobs created (representing distributional justice) explain between 7 and 11 per cent of respondents' choices. Compared to the prominence awarded to procedural justice and participatory decisionmaking in the social acceptance literature, the relatively low importance of this attribute may come as a surprise. Our findings indeed suggest that greater levels of participation are not a panacea and should remind project developers of the fact that involving local stakeholders is a worthwhile endeavor, but does not come for free. Rather than pursuing the simple goal of maximizing participation and assuming that a project will always go ahead if everyone can be made to amicably sit around the table, the challenge is for project developers to identify salient stakeholders [41] and to understand what it is that they really care about. At the same time, they should remember that, while small, the effect of participation clearly exists -and, as many delayed or cancelled projects suggest, failing to take participatory decision making into account can be costly. Beyond procedural and distributional justice, however, the research findings suggest that two attributes play a much larger role in determining social acceptance, namely ecological impacts and local ownership. Taken together, these two attributes explain more than 70% of respondents' choices to accept a hydropower project or not. Above all, our findings for Switzerland confirm the outcomes of Klinglmair et al.'s [25] study 5 in Austria, and Kataria's [23] survey of Swedish households: the ecological impact of hydropower is something that people (at least in the aforementioned countries) are genuinely concerned about. Accordingly, the government would be well advised to continue to strike a careful balance between energy and environmental policy objectives. The other important message that arises from our analysis is that who the owner is matters. The Swiss residents we surveyed report that whether a hydropower plant is owned by a local or cantonal utility, a private domestic company or a foreign investor is important to themwith preferences decreasing in that order. In particular, foreign ownership of a hydropower plant (operationalized as a German company in our experiment) is almost a no-go. The identification of such preferences for local ownership are in line with previous findings from the renewable energy literature ( [39, 61, 8, 58) ], and could possibly be interpreted as indirect confirmation of the importance of distributional justice. While local ownership does not guarantee that more wealth will actually be created and equitably shared in a community, it could be the case that respondents make this assumption implicitly, assuming that foreign investors are more likely to 'take the money and run' than locally-embedded organizations.
In summary, our findings show that while consideration of procedural and distributional justice is necessary, it is not sufficient to ensure social acceptance. Above all, our research indicates that successfully addressing people's concerns about potential ecological impact and ownership (i.e. keeping a hydropower project "local and fish-friendly") are the most important determinants of social acceptance.
Our research additionally identified the impacts of some sociodemographic and psychographic variables on social acceptance of hydropower. A preference for minimizing ecological impacts correlates with strong belief in climate science, supporting the findings of Lewandowsky et al. [30] . This suggests that ecological interests and climate concerns are coupled, and rather than trading off one against the other, the respondents prefer low-carbon energy sources to be deployed in an environmentally responsible way.
Furthermore, membership of an environmental organization, belief in climate science, sympathizing less with national-conservative political views, being younger or being more highly educated than the sample average increase the likelihood that a respondent will emphasize the need to reduce ecological impact. These findings are in line with previous studies using choice experiments including ecological impacts [1, 7] . Respondents who are not fitting the above demographic profile are more concerned about who the owners of the hydropower plant will be. Being older than the sample average and having conservative political views has a positive, while income, education and environmental organizational membership has a negative relationship to the importance of local ownership.
Furthermore, familiarity (direct view, river use, pre-existing knowledge) with the subject has almost no measurable effect on preferences. It appears that psychographic factors such as membership in an environmental organizations or political views shape public opinions about hydropower more than physical proximity. 
Limitations and further research
Our study makes a number of important contributions to the literature on social acceptance of renewable energy. First, despite the importance of hydropower in the global energy transition, there is a scarcity of research on this topic. Our large-scale survey on the social acceptance of hydropower contributes important empirical insights to the debate. Secondly, prior research in this domain has often taken either a qualitative case study approach or looked at ecological impacts in isolation, mostly using contingent valuation studies. By including the most important dimensions of social acceptance of hydropower into a realistic choice experiment, we were able to quantify the relative importance of various attributes of a hydropower project with regard to respondents' decisions to accept or reject such projects. Finally, this study is one of the first to shed light on the relative influence of procedural justice and distributional justice on social acceptance and puts them into perspective alongside other project attributes such as ecological impacts and local ownership.
As with any piece of empirical research, our study is subject to limitations that highlight opportunities for further work. Firstly, the research was conducted in a single country with a long tradition of hydropower use, Switzerland. While we indicated in the discussion that several of our findings confirm research findings from culturallysimilar settings (such as Austria and Sweden), the institutional environment in which this research took place needs to be taken into consideration before drawing conclusions about its relevance to other countries. For example, the relatively low influence of procedural and distributional justice might reflect the fact that Swiss legislation clearly defines the right to participation during the planning of hydropower plants, as well as standards regarding the compensation of local communities through a water tax. Respondents in our sample may have taken these elements of environmental justice for granted, allowing them to emphasize the importance of other attributes (such as ecological impacts). Procedural and distributional justice may be valued differently in countries with a less participatory culture and different institutional environments.
A second limitation of the research is that (local) ownership was found to be the second most important attribute in explaining social acceptance. While this result is in line with the recent rise in local renewable energy initiatives that have occurred in many countries and may thus reflect a broader trend in the energy sector, an alternative explanation is that the way we operationalized the attribute evoked specific associations for some respondents. The correlation that was identified between political orientation and aversion to foreign ownership suggests that useful research could be undertaken to identify whether the importance of local ownership remains high even in the absence of a project developer with an explicitly specified foreign nationality.
Finally, we operationalized the monetary attribute in the form of annual tax income that would benefit both community and canton. This mirrors the reality of hydropower projects in Switzerland, but lessens the direct relevance of the financial impacts of the choice situation to individual respondents. We encourage further research that explores alternative operationalizations of distributional justice, including options that would offer respondents direct personal benefits.
